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Abstract
Computed tomography (CT; both conven-
tional (CCT) and high resolution (HRCT))
scans of the thorax were evaluated to detect
early asbestosis in 61 subjects exposed to
asbestos dust in Quebec for an average of
22(3) years and in five controls. The study was
limited to consecutive cases with chest radio-
graphs of the International Labour
Organisation categories 0 or 1 determined
independently. All subjects had a standard
high kilovoltage posteroanterior and lateral
chest radiograph, a set of 10-15 1 cm collima-
tion CCT scans and a set of three to five 2 mm
collimation HRCT scans in the upper, middle,
and lower lung fields. Five experienced read-
ers independently read each chest radiograph
and sets of CT scans. On the basis of three to
five readers agreeing for small opacities of the
lung parenchyma, 12146 (26%) negative chest
radiographs were positive on CT scans, but
6/18 (33%) positive chest radiographs were
negative on CT scan. On the basis of four to
five readers agreeing on a chest radiograph,
36/66 (54%) subjects were normal (group A),
17/66 (26%) were indeterminate (group B),
and 13166 (20%) were abnormal (group C). By
the combined readings of CCT and HRCT,
4131 (13%) asbestos exposed subjects of group
A were abnormal (p < 0-001), 6/17 (35%) of
group B were abnormal, and in group C, 1/13
(8%) was normal, 2/13 were indeterminate,
and 10113 (77%) were abnormal. Separate
readings of CCT and HRCT on distinct films
in 14 subjects showed that all cases of asbesto-
sis were abnormal on both CCT and HRCT.
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Inter-reader analyses by kappa statistics
showed significantly better agreement for the
readings of CT than the chest radiographs (p
< 0-001), and for the reading of CCT than
HRCT (p < 0.01). Thus CT scans ofthe thorax
identifies significantly more irregular opaci-
ties consistent with the diagnosis of asbestosis
than the chest radiograph (20 cases on CT
scans v 13 on chest radiographs when four to
five readers agreed, 13% of asbestos exposed
subjects with normal chest radiographs or
21% of asbestos exposed subjects with normal
or near normal chest radiographs. It
decreased the number of indeterminate cases
significantly from 17 on chest radiographs to
13 on CT scans. All cases of asbestosis
detected only on CT scans were similarly seen
on CCT and HRCT and did not have signifi-
cant changes in lung function. The CT scans
significantly reduced the inter-reader vari-
ability, despite the absence of ILO type refer-
ence films for these scans.

(British Journal of Industrial Medicine 1993;50:689-698)

The current standard criteria for diagnosis of
asbestosis are based on an occupational history,
interpretation of the chest radiograph by the
International Labour Organisation (ILO) stan-
dards,' pulmonary function tests, and lung
histopathology when available.23

Progress in the imaging of several interstitial
lung diseases with the use of computed tomogra-
phy (CT) scans has repeatedly shown that the CT
scan can be more sensitive than the chest radio-
graph for the detection of diffuse lung parenchymal
diseases.4 8 Given the known absence of change of
the chest radiograph in some 10% of symptomatic
patients with established interstitial lung diseases,
whether idiopathic or associated with exposure to
asbestos9-"2 or silica,'3 the finding of an increased
sensitivity of the CT scan over the standard chest
radiograph is not surprising. We have previously
considered this question with conventional CT
(CCT) scans and were able to identify specific
aspects of the imaging of the pneumoconiotic
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processes where CT scans provided new informa-
tion and permitted a better clinical appreciation of
the pathological process.'4-'9 In coal workers' pneu-
moconiosis, the report of Remy-Jardin et al also
suggests that CT scans may be useful in achieving
more accurate evaluation of parenchymal fibrosis.20
We have recently reported on the CT scan in sili-
cosis, indicating that it detects up to 40% more
abnormalities consistent with the diagnosis of sili-
cosis in subjects exposed long term to silica with a
normal radiograph and recognised confluence of
parenchymal opacities in up to 33% of cases of
radiographic simple silicosis."5 l9 21

In a study of asbestos workers with high resolu-
tion CT (HRCT) scans, Staples et al concluded
that in their asbestos exposed subjects with normal
chest radiographs, HRCT scans identified a group
of 57 (34%) subjects with abnormalities suggestive
of asbestosis.22 The group had a significant loss of
lung function. Al-Jarad et al developed an HRTC
scoring system to study 60 asbestos workers with
various degrees of interstitial lung disease and con-
cluded that the system allowed good interobserver
and intraobserver agreement and that scores of dis-
ease on HRCT scans and chest radiographs corre-
lated similarly with impairment of lung function.2'
Their findings are similar to those of our earlier
study on CCT scans in asbestosis.'4
Our present study was designed firstly to con-

sider the question of early detection of diffuse
interstitial lung disease in asbestos workers with a
chest radiograph already classified in the category 0
or 1 according to the ILO 1980 classification.' The
chest radiographs and CT scans were analysed by
five experienced readers, through uninformed and
independent readings. Secondly, we assessed the
effect of reader variability on interpretation of data
and thirdly we tested the proposition that asbesto-
sis detected only on CT scans is associated with
significant loss of lung function.22

Patients and methods
SUBJECTS
The 61 consecutive patients of this study were
referred by the Workman's Compensation Board of
Quebec for evaluation of possible lung disease
associated with exposure to asbestos dust in the
Quebec asbestos industries. All were investigated at
either the Maisonneuve-Rosemont or CHUS
hospitals. Five healthy non-smoking workers in
the same age range as the exposed workers
were included on a voluntary basis to serve as
non-exposed, age matched controls for the chest
radiographs and the CT scans.
The mean (SEM) age of the 66 subjects of the

study was 62(2) (range 40-75) years. The 61 sub-
jects exposed to asbestos worked in exposed condi-

tions for an average of 22(2) (range one to 42)
years. Of the 61 workers, 15 were current cigarette
smokers and 33 former cigarette smokers and they
had smoked on average 28(3) pack-years. Thirteen
were lifetime non-smokers.

CLINICAL EVALUATION
All patients had a history taken and underwent
physical examination with emphasis on the detec-
tion of abnormalities suggesting asbestosis. A ques-
tionnaire designed to elicit respiratory symptoms
and factors associated with chronic obstructive pul-
monary disease, lifetime smoking habits, and occu-
pational history was completed by all subjects.
Duration of exposure to asbestos for each worker
was taken as the number of years of employment in
a work environment containing asbestos dust.
Dyspnea was graded according to the method of
Crofton and Douglas.24

CHEST RADIOGRAPHS
Standard high kilovoltage posteroanterior and lat-
eral films were taken at maximal inspiration. The
radiographs were graded for the number of small
opacities by the five readers according to the ILO
1980 classification.' The profusion (number) of
opacities was scored with the ILO grading system
based on the viewers' assessment of the concentra-
tion of opacities compared with standard radio-
graphs provided by the ILO. This classification
recognises the existence of a continuum of change,
from no opacity to the most advanced category.
The scores were converted to a linear scale of 0 to
10 (12 grades) as follows: ILO grade 0/- (clearly
normal) and 0/0 (normal after a careful examina-
tion) = 0 on the linear scale; ILO grade 0/1 = 1;
1/0 = 2; 1/1 = 3; 1/2 = 4; 2/1 = 5; 2/2 = 6; 2/3 = 7;
3/2 = 8; 3/3 = 9; 3/4 = 10. The profusion of opaci-
ties was scored to weight the usual six areas of the
lung (upper, middle, and lower left and right fields)
seen on the chest radiograph, with emphasis on the
abnormalities detected as recommended by the
ILO report.'
To group patients with similar diseases in the

ILO classification, four categories are defined on
the basis of the same profusion scores: category 0
= profusion scores 0/-, 0/0, 0/1; category 1 = profu-
sion scores 1/0, 1/1, 1/2; category 2 = profusion
scores 2/1, 2/2, 2/3; and category 3 = profusion
scores 3/2, 3/3, and 3/4.

Pleural changes were classified in terms of site,
width, and extent according to the ILO classifica-
tion. For chest walls, the width category a, b, or c
and the extent score 1, 2, or 3 were given;
diaphragms and costophrenic angles were classified
as present or absent. Pleural calcifications were also
assessed according to the ILO classification.' A
simple total score of pleural changes was developed
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to scale the pleural abnormalities due to asbestos as
follows: each diaphragm and each costophrenic
angle change was scored as 1 (maximum of 4),
pleural plaques "en face" were scored as 1; the cir-
cumscribed pleural plaques classified as al, a2, bl
were scored as 1, a3, b2, cl as 2, and c2 and c3 as
3 for each side of the thorax. The pleural changes
classified as diffuse were scored at 2 x the score of
circumscribed pleural changes for the same type of
ILO classification-that is, a pleural change of b2
ILO classification was scored as 4 when diffuse.
With this scale, our subjects had scores of pleural
disease that varied between 0 and 16.

COMPUTED TOMOGRAPHY SCANS OF THE THORAX
All CT studies were performed with a Picker 1200
SX (Pickers, Highland Heights, Ohio) or Toshiba
900 TS (Toshiba inc, Japan) instrument and
included conventional 10 mm collimation CT
(CCT) scans at 1 cm intervals from the apex of the
lung to the base of the diaphragm and three to five
high resolution 2 mm collimation (HRCT) scans
taken through the upper, mid, and lower thorax.
The images were reconstructed with the use of a
bone algorithm. Scans were viewed at window lev-
els most appropriate for pulmonary parenchyma
(window level-550 to-650, window width 1500 to
1700). The CT scans were performed with the
subject in the prone position during breath holding
at full lung capacity. The supine position was not
used to avoid misinterpretation of the frequent
occurrence of pseudoreticulation in the gravity
dependent regions due to accumulation of fluids
and physiological atelectasis. We have preferentially
used the prone position since the early experience
of ourselves and others with patient positioning for
the CT scans,14 that the mineral dust diseases
mostly affect the subpleural lung areas.'314
The profusions of parenchymal opacities seen on

the CT scans were graded with the same principles
as the ILO 1980 system for grading pulmonary dis-
ease on the chest radiograph. It is recognised that
CT may partly obliterate the summation effect seen
in two dimensional chest radiographs, but never-
theless a grading system can be used, as also sug-
gested in another study with different grading
principles.2' For our study, we chose grading prin-
ciples closely related to those of the ILO grading
system for chest radiographs. The absence of opac-
ities was graded as a score of the category 0 ( =
profusion scores 0/-, 0/0, 0/1; 0/- = clearly normal,
0/0 = normal after a careful examination, and 0/1 =
normal after some considerations of category 1
abnormality). The interpretation of definite pres-
ence of opacities allowed a grading of the opacities
of category 1 or above. If the opacities were not
obliterating the vascular markings, they were read
in the category 1 grades (1/0, 1/1, 1/2). If they were

obliterating the vascular markings slightly but defi-
nitely, they were read in the category 2 grades (2/1;
2/2, 2/3), and for the most severe blunting of the
vascular markings, the opacities were interpreted as
category 3 (3/2, 3/3, and 3/4). We did not score the
pleural changes on CT scans.

PULMONARY FUNCTION TESTS
Lung volumes, flow volume curves, diffusion
capacity, and gas exchange at rest were measured
according to standard methods25 as previously
applied.'7 Functional residual capacity was deter-
mined by the helium rebreathing method and diffu-
sion capacity by the single breath carbon monoxide
(DLCO) method.

DIAGNOSIS OF ASBESTOSIS
For the purpose of this investigation, the diagnosis
of asbestosis was based on a chest radiograph or a
CT scan showing bilateral changes consistent with
asbestosis in category 1 or higher, according to the
ILO 1980 classification for the radiograph' and
considered as definite abnormalities for the CT
scan according to earlier reports of CT scans in
asbestosis.22232&30

THE READERS
The readers included four chest physicians partici-
pating in the evaluation of the Quebec cases of
occupational lung diseases for more than 10 years.
Three of them were certified National Institute of
Occupational Safety and Health B readers and four
had contributed to the Canadian Pneumoconiosis
Reading Panel (CPRP) since its initiation. Their
independent gradings of chest radiographs had
similar reading patterns according to the CPRP.
The fifth reader was a chest radiologist interested
in the pneumoconioses, who has been interpreting
the chest radiographs of some 25% of the workers
of Quebec investigated by one committee, for sus-
pected pneumoconiosis during the past seven
years.

Chest radiographs and the combined CT scans
were read independently by all readers in unrelated
sessions, on the basis of current reading practice
for each examination."-32627 In an additional ses-
sion, the CCT and HRCT scans were read inde-
pendently to assess the value of each type of scan
alone and in combination. Each reader interpreted
each radiograph and CT scan independently in
specially planned work sessions, with the ILO stan-
dard chest radiograph available at all times. The
readings were done in three separate sessions, at
least one week apart, for the chest radiographs, for
the combined CCT and HRCT scans, and for the
separate reading of CCT and HRCT scans. Each
of the readers recorded his interpretation of the
images on a CPRP reporting sheet.
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The data were transferred from the sheets to a

database for analyses on a Macintosh computer
(Apple computer inc, Cupertino, Calif) with the
Statview 512+ and SuperANOVA programs

(Brainpower inc, Calabasas, CA), and the SPSS
program (SPSS inc, Chicago, Illinois).

STATISTICAL ANALYSES
All results are expressed as means (SEM). The
data were evaluated by the Mann-Whitney U test
for differences between groups, and by the
Wilcoxon matched pairs signed rank test for
differences between radiological methods. To
assess the inter-reader agreement in the reading of
the lung opacities on CT or HRCT scans, we used
kappa inter-reader agreement statistics and the
Spearman non-parametric correlation procedure.
We used multiple variate analyses of variance
(MANOVA)31-33 to study associations between
variables.

Results
READER AGREEMENT
For reading radiographs and scans as positive or

negative, we found kappa values of 0 44(0 08) for
the radiographs and of 0-63(0 06)(p < 0 05) for the
scans. For reading on the extended ILO scale,
kappa values were 0 20(0 04) for the radiographs
and 0 28(0 03)(p < 0 05) for the scans. Because
the kappa statistics are not designed for scaled
data, we also tested the correlations with the non-

parametric Spearman correlation procedure. On
the concise ILO scale, the readings of the radio-
graphs had an r value of 0A43(0 08) and the scans
an r value of 0 62(0 04)(p < 0 05). On the

extended ILO scale, the r value was 0 52(0 07) for
the radiographs and 0 70(0 04)(p < 0 05) for the
scans.
We also considered the effect of the level of

agreement selected (three to five v four to five
readers in agreement) in determining each radio-
graph or scan as positive or negative (table 1). On
the basis of three to five readers in agreement, there
were 12/46 (26%) cases with chest radiographs
negative and CT scans positive for asbestosis, as
opposed to 4/36 (11%) on the basis of four to five
readers in agreement. Whereas three to five readers
in agreement recognised more negative radiographs
(70%) and negative scans (40%), 26% of the nega-
tive radiographs were read as being positive on the
combined CT scan readings and 33% of the posi-
tive radiographs were negative on the scans. On the
other hand, the four to five reader agreement cate-
gory read 54% of the radiographs as negative and
50% of the scans as negative but 12% of the nega-
tive radiographs as positive on scans and 8% of the
positive radiographs as negative on scans. Although
the three to five agreement left few indeterminate
readings, it allowed many "false positive" readings
of the chest radiographs. On this basis, the four to
five readers in agreement category was used for the
study.

RADIOGRAPHS AND COMBINED CCT AND HRCT SCANS
For chest radiographs with the four to five reader
agreement standard, group A consisted of 36 sub-
jects including the five controls, whose chest radio-
graphs were read as normal (ILO category 0).
There were 17 uncertain cases that were neither
clearly normal nor clearly abnormal, with less than
80% agreement between readers. These 17 cases

Table 1 Diffiuse small irregular opacities compatible with asbestosis

Assessment Chest radiograph CT scan Final assessment

Agreement of three out offive readers
Negative 34 (74)

Negative(%) 46 (70) Indeterminate 0 (0) 40 (61)
Positive 12 (26)
Negative 0 (0)

Indeterminate(%) 2 (3) Indeterminate 0 (0) 0 (0)
Positive 2 (100)
Negative 6 (33)

Positive(%) 18 (27) Indeterminate 0 (0) 26 (39)
Positive 12 (100)

Agreement of three out of five readers(%) 64 (97) 66 (100) 66 (100)

Agreement offour out offive readers
Negative 26 (72)

Negative(%) 36 (54) Indeterminate 6 (17) 33 (50)
Positive 4 (11)
Negative 6 (35)

Indeterminate(%) 17 (26) Indeterminate 5 (29) 13 (20)
Positive 6 (35)
Negative 1 (8)

Positive(%) 13 (20) Indeterminate 2 (15) 20 (30)
Positive 10 (77)

Agreement of four out of five readers(%) 49 (74) 53 (80) 53 (80)
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Table 2 Lungfunction tests on chest radiograph groups based on four tofive reader agreement

Negative Indeterminate Positive
(n = 32) (n = 17) (n = 13)

Age (y) 60 (1) 62 (2) 62 (2)
TLC (% predicted) 98 (3) 100 (4) 77 (4)*
VC (% predicted) 96 (3) 94 (4) 80 (6)*
FRC (% predicted) 91 (5) 102 (6) 73 (6)
RV (% predicted) 98 (7) 109 (8) 72 (5)
FVC (% predicted) 95 (3) 91 (3) 83 (6)
FEV, (% predicted)/s 97 (4) 87 (6) 79 (8)
MMEF (% predicted) 60 (5) 47 (6) 42 (9)
DLCO (% predicted) 98 (4) 82 (5)* 78 (4)*
Resting P(A-a)o2 (torr) 21 (1) 23 (2) 27 (4)
Pleural disease score (index) 3-3(0 4) 4 3(0 7) 8-5(1-4)*

*p < 0 05 v negative. P(A-a)o, = alveolar-arterial Po2 gradient: see text for other abbreviations; values are mean (SEM).

constituted group B. The 13 remaining cases had
an abnormal chest radiograph of category 1 consis-
tent with the diagnosis of asbestosis. They made up
group C. Table 2 shows the pulmonary function
tests of the three groups. The patients with positive
chest radiographs had changes of a significant
restrictive syndrome, in comparison with the
patients with negative chest radiographs. The only
significant change in the patients with indetermi-
nate radiographs was a reduction in diffusion
capacity.
With the combined readings of CCT and

HRCT scans and the four to five reader agreement
category the same 66 subjects were classified as fol-
lows: the 36 subjects of the chest radiograph group
A were divided into a subset of 26 cases (72%)
with normal CT scans, a subset of six cases with
indeterminate CT scans, and a subset of four cases
(11% of the 36 of the group or 13% of the 31
asbestos exposed subjects of the group) with abnor-
mal CT scans suggestive of asbestosis (ILO cate-
gory 1 or above; p < 0 001); the 17 uncertain cases
of group B were divided into a subset of six sub-
jects (35%) with normal CT scans, a subset of five
subjects (29%) with indeterminate scans and a sub-
set of six cases (35%) with abnormal CT scans,
(p < 0 05); the 13 cases of asbestosis of group C
were divided as follows: one case (8%) with a
normal CT scan, two cases (15%) indeterminate,

and 10 cases (77%) with abnormal CT scans.
Table 1 shows this regrouping.

Reconstituting the groups on the basis of the
combined reading of the CT scans gives: group 1,
33 cases (50%) with normal CT scans; group 2, 13
cases (20%) with indeterminate CT scans; group 3,
20 cases (30%) with abnormal CT scans.
To consider the proposal that there were associ-

ations between normal radiographs, abnormal
scans, and altered lung function, we regrouped the
subjects into three groups that could be definitely
classified-namely, negative radiograph and
negative scan (neg-neg group (n = 26); negative
radiograph and positive scan (neg-pos group (n =
10); positive radiograph and positive scan (pos-pos
group (n = 10). Table 3 shows the pulmonary
function tests for these groups. The lung functions
of the pos-pos group were significantly altered
compared with those of the neg-neg group but the
neg-pos group had lung functions that did not dif-
fer from those of the neg-neg group. The last find-
ing suggests that, in our subjects, an isolated
abnormal CT scan suggestive of asbestosis was
not associated with significant changes in lung
ftunction.

CCT v HRCT scans
To carry out independent readings of the CCT and
HRCT scans, we selected the 14 scans considered

Table 3 Lungfunction tests on chest radiograph and CT scan groups based on four to five reader agreement based groups

NEG-NEG NEG-POS POS-POS
(n = 26) (n =10) (n =10)

Age y 58 (2) 63 (2) 62 (3)
TLC (% predicted) 95 (4) 104 (5) 75 (5)*
VC (% predicted) 94 (3) 100 (6) 79 (8)
FRC (% predicted) 86 (6) 102 (6) 70 (5)
RV (% predicted) 96 (10) 110 (5) 69 (4)
FVC (% predicted 93 (3) 96 (5) 82 (7)
FEV, (% predicted) 96 (4) 91 (7) 82 (9)
MMEF (% predicted) 63 (7) 43 (5) 44 (10)
DLCO (% predicted) 95 (4) 95 (7) 76 (5)*
Resting P[A-a]o2 (torr) 20 (1) 25 (2) 27 (5)
Pleural disease score 2-9(0 5) 5-4 (0 7)* 7 (1-6)*

*p < 0-05 v NEG-NEG. P[A-a]o2 = alveolar-arterial Po2 gradient; see text for other abbreviations; values are mean (SEM).
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positive on the four to five reader agreement basis,
with CCT and HRCT on distinct films. The CCT
scan and the HRCT scan images were read inde-
pendently of each other and by each reader alone
in one session.

For reading the CCT or the HRCT positive or
negative, kappa values were 0-84 (0 02) for the
CCT and 0 73 (p < 0-05) for the HRCT scans.

For small opacities consistent with the diagnosis
of asbestosis, separate readings of CCT and HRCT
scans did not show cases of asbestosis on the com-
bined CT scan readings (table 1) that were abnor-
mal only on the CCT or abnormal only on the
HRCT. The readings of the CCT had better
reader agreement but the averages of the readings
were less uniform among the five readers by com-
parison with the HRCT, suggesting a better defini-
tion of images on the HRCT. Again it was
considered that the added clarity provided by the
HRCT images permitted more rapid decision mak-
ing and firmer interpretations of the images in
some 30% of cases of asbestosis recognised by CT
scan.

MULTIPLE VARIATE ANALYSES
For parenchymal disease scores on radiographs and
on CT scans, there were significant associations
with total lung capacity (TLC), vital capacity
(VC), DLCO, maximum mid-expiratory flow
(MMEF), years of asbestos exposure, and pleural
disease score (p < 0 05) but no association with
smoking index, forced expiratory volume in one
second (FEV1)/forced vital capacity (FVC), or
residual volume (RV/TLC.)
We found no significant associations between

pleural disease score and smoking or loss of lung
function, but there was a significant association
with the number of years of exposure to asbestos
(p < 0-02).

For the indicators of airflow limitation, the expi-
ratory flow rates, we found no significant associa-
tion with parenchymal or pleural scores of disease
or years of exposure to asbestos but significant
associations with the smoking index for FEVI/FVC
(p < 0-0001), MMEF (p < 0 03), the RV
(p < 0 007), and RV/TLC (p < 0 005).
For the indicators of restriction, TLC, VC, and

DLCO, we found no significant association with
smoking but significant associations with years of
exposure in asbestos, CR and CT scan scores of
parenchymal disease (p < 0-05 for TLC and VC
and p > 0 05 for DLCO and years of exposure to
asbestos; p < 0 05 for TLC and VC; p < 0-003 for
DLCO and CR score; p > 0 05 for TLC; p < 0-02
for VC, DLCO, and CT scan score.

Discussion
In this study of 61 workers at risk of asbestosis, the

combined reading of CCT and HRCT scans in
subjects exposed to asbestos detected interstitial
lung abnormalities consistent with asbestosis in
19% of subjects with a normal or indeterminate
radiograph. For the normal chest radiographs, 13%
of cases were positive on CT scans. Although we
do not have histological proof, we believe that these
small irregular opacities seen in asbestos workers
with normal radiographs are early asbestosis lesions
for the following reasons:

(1) in normal subjects, the incidence of small
opacities on chest radiographs is <1 %34; and this is
also the clinical experience of ourselves and others
with the CT scans26; even in long term cigarette
smokers, the prevalence of definite radiological
opacities of the lung parenchyma (ILO category
)1/0) is only 3%.35

(2) The five normal unexposed subjects did not
have small opacities and all readers agreed on that.

(3) the opacities in asbestosis were often limited
radiographically to the lower lung fields, their dis-
tribution was usually fairly symmetrical in the right
and left lung fields (figs 1 and 2 illustrate cases with
normal radiographs and abnormal CT scans
suggestive of asbestosis) and the opacities have
some features that often differentiate them from
those of idiopathic pulmonary fibrosis36; that opaci-
ties should be bilateral was an obligatory criterion
in this study.

(4) The global appearance of these small opaci-
ties on CT described by independent groups22 23 27-30
was comparable with what is known of asbestosis
histologically, 337 and on the standard chest radi-
ograph for more advanced disease.2'

(5) The CT scan has detected changes in other
interstitial lung diseases before they were detected
on the standard chest radiograph.78202"'

(6) The inter-reader agreement for the recogni-
tion of these opacities on the CT scans was signifi-
cantly higher than for the conventional chest
radiograph, despite the absence of reference CT
films for comparison.

(7) In the sheep model of asbestosis, the disease
process found, within the first few months of expo-
sure in susceptible animals, by lung lavage, lung
biopsies, and gallium-67 scan, was only seen on
standard chest radiographs one to two years later in
the evolution of the disease process.'>'
The subjects with a normal radiograph but

abnormal CT scan suggestive of asbestosis had no
significant changes in lung function tests (table 2).
This was at variance with the report of Staples
et al 22 but not unexpected in view of our earlier
reports on lung function in the disease'0'43942 and
from other publications on this subject,43'45 which
state that appreciable changes in lung function are
usually absent in the early stage of asbestosis that
precedes radiographic manifestations. Further-
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more, it is of interest that among the subjects with
normal chest radiographs, five of the six patients of
Epler et aP and six out of six of ours with histo-
logical asbestosis had near normal or normal lung
function at rest.'0363942 Functional abnormalities in
our subjects were a rigid pressure-volume curve in
75% and abnormal exercise gas exchanges in 50%,
which did not reach significance because of the
small number of patients (50%) who agreed to per-
form these additional tests. In more advanced
stages of disease, the changes in lung function gen-
erally correlated with the scored abnormalities on
the radiograph and on the CT scan.'423
What does HRCT add to CCT? Firstly, it must

be recognised that the recent generation of scan-
ners has better spatial and contrast resolution both
on CCT and HRCT than earlier machines.
Secondly, it is accepted that, for the analysis of this
issue, the sample size of 14 subjects and the limited
number of thin CT slices may not permit definite
conclusions. Thirdly, the 14 cases used to evaluate
the two types of scanner were on separate films and
read independently. For small irregular opacities,
both techniques permitted the recognition of dis-
ease equally well, which is at variance with the
report of Remy-Jardin et al for cases of diffuse
interstitial diseases of non-occupational origin,
where 22% of all infiltrates were not recognised on
thin sections." In this study the CCT and HRCT
were considered abnormal equally in all cases of
asbestosis, and by at least four of the readers. The
agreement between readers was high for positive or
negative readings, notwithstanding comparable
(p > 0-05) average scorings by each reader for the
two modes. Despite this, it was considered by all
readers that the HRCT added precision and clarity
to the findings in up to 30% of cases, where classi-
fication of the images was done with less hesitation
and with a higher degree of confidence. This was
also found in earlier studies.

It is medically accepted that early detection and
diagnosis of asbestosis in individual cases should be
based on the most acceptable set of clinical criteria,
at a time when the disease is not yet disabling and
is less likely to progress to invalidity. This is based
on the current understanding, supported by experi-
mental data, that the most susceptible subjects who
already have the disease should not be further
exposed to the disease inducer.47 In recent years,
we and others have shown repeatedly, and in
diverse populations exposed long term to asbestos,

.._.. _1.J,LLLLI.w m m m -- ------ ---------------
Figure I Chest radiograph (upper panel) and high resolution CT scan (lower panels) in an exposed subject. The chest
radiograph was read as normal and the CT scan as definitely abnormal, with bilateral diffuse subpleural reticular infiltrations in
the dependent and non-dependent areas. These changes were read as in the category 1/1 on CT scan.
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Figure 2 High resolution CT scan of the lower left (upper
panel) and right (lower panel) lungfields in an exposed
subject (differentfrom the subject infig 1) with a normal chest
radiograph. As in fig 1, the subpleural reticular infiltrates were
considered diffuse in the dependent and non-dependent areas.
Also, a small pleural plaque is seen in the paravertebral area,
and the lung infiltrates appear more intense in this area. The
parenchymal lung abnormalities were interpreted as less intense
than in fig 1 and were classified as in the ILO category 1/0 on
the CTscan.

that before asbestosis produces an abnormal chest
radiograph, the ongoing asbestosis process can be
recognised histologically,9-1" by analysis of broncho-
alveolar lavage fluids,363943-4548 by gallium-67 lung
scan,104951 and by CT scans2227-30 in 10%-40% of
such workers. This was also validated in our animal
model for all techniques except the CT scan. In
this paper, we have shown that the readers' agree-
ment can influence the results of such studies, but
with the stringent agreement of four to five inde-
pendent readers, we still find a significant 13%
incidence of negative radiographs and positive CT
scans in subjects exposed long term to asbestos,

seen in the setting of a workman compensation
examination. Given that the CT scan procedure
has better patient acceptance and gives results in
the same range as alternative detection techniques
for early disease, we consider the CT scan to be the
procedure of first choice for subjects exposed long
term to asbestos and suspected of having asbestosis
despite a normal or near normal chest radiograph.
The management of cases of asbestosis detected

by abnormal scans only is controversial. Some
would argue that the abnormalities found may rep-
resent non-specific changes and do not relate to the
previously established prognosis of asbestosis
defined by the more rigid criteria of an abnormal
radiograph of category 2/1 or 1/1 .52 Others would
reply that these changes constitute manifestations
brought forward by the more sophisticated tech-
nologies of the 1980s and 90s that reflect an ongo-
ing process between the initial injury and the full
clinical manifestations of a more advance stage of
the disease.27 There are several parallel situations-
namely, in silicosis,2' 53 coal workers' pneumoconio-
sis,20 bleomycin interstitial lung fibrosis,54 and
others.7 8

Multiple variate analyses of our data were not
presented to establish definite and strong associa-
tions between the various measurements in this
study, as it has a selection bias and there were lim-
ited samples. They were presented to show that the
population of this study has similarities with larger
populations of long term asbestos workers, where
the current concepts of associations between radio-
graphic score of asbestos disease and low lung
volumes, DLCO, smoking, and airflow limitation
have been established.

In conclusion, we have shown that CT scans are
more sensitive than the standard ILO classified
chest radiograph in detecting lung parenchymal
changes of asbestosis. This agrees with the earlier
findings of Staples et al.22 In our present study,
however, the abnormalities in CT scans were not
associated with significant changes in lung func-
tion; this suggests that CT in our subjects detected
early disease preceding appreciable alterations in
structure and function. The abnormalities of the
CT scan can be recognised more consistently by
independent trained observers, with reduced inter-
reader variability compared with their radiographs,
despite the absence of standard ILO type reference
films. The HRCT scan adds to the CCT clarity of
images and increases the confidence of the readers
in their interpretations, although with lower inter-
reader agreement, in the recognition of small irreg-
ular opacities.
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